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[57] ABSTRACT

A visual axis detector includes an illumination device
for illuminating an eye; an optical device for guiding
light from the eye; the light being in a form of a hght
intensity distribution having first and second portions; a
photo-sensing device, having an array of photo-cells,
for receiving the light guided by the optical device, and
for generating an electrical signal corresponding to the
light intensity distribution; an arithmetic operation de-
vice for calculating a visual axis of the eye in accor-
dance with the electrical signal generated by the photo-
sensing device; and a control device for controlling the
photo sensing device to have different sensitivities for
sensing the first and second portions of the light inten-
sity distribution.

16 Claims, 7 Drawing Sheets
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FIG. 3

v1s::EIIIII||||||||!!|||I
AXIS DETECTION REQUIRED

| YES o
SENSOR '

. — . NO
RELEASE DEMANDED 7
YES

TO RELEASE ROUTINE




U.S. Patent Mar. 29, 1994 Sheet 4 of 7 5,298,927

4

.:9

INTEGRATION
. SIGNAL

_—— e - ___.1‘

REFERENCE
\_CLOCK :

8
110
- | PHOTOMETRY ;
SENSOR .
_ ]
( _ -
REFERENCE CLOCK WM immm

OUTPUT (100) JgH

1 UUE |
4 OUTPUT INTEGRATION e e
SIGNAL (102) _ '
~QUTPUT (104) _ . | ] |
; CARRY —— T




U.S. Patent Mar. 29, 1994 Sheet 5 of 7 5,298,927‘

FIG. 6
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FIG. 7
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1

VISUAL AXIS DETECTOR HAVING A HIGH
SENSITIVITY TO A LIGHT FROM AN EYE

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention relates to an apparatus for
detecting a direction of visual axis of an eye of an ob-
server, and more particularly to an apparatus which can
effectively obtain data for calculating the visual axis
The present apparatus is applicable, for example, to a
single lens reflex type camera or a video camera.

2. Description of the Related Art

An apparatus for detecting a visual axis has been
developed as a means for studying a physiological func-
tion of an eye or checking an effect of an advertisement,
and 1t has recently been proposed to use it as a means for
inputting a photographing condition of a camera to a
controller. Japanese Laid-Open Patent Application No.
1-274736 discloses a single lens reflex camera having a
visual axis detector equipped therein

An example of a prior art visual axis detector is
shown 1n FIG. 8 to explain problems in the prior art.

A light beam is irradiated to an eyeball of an observer
(photographer) to form a first Purkinje image (cornea
reflected image) based on a reflected light from the
eyeball and a front eye part image on an image sensor
plane in order to detect a visual axis of the eyeball by
using positional coordinates of images on the image
sensor plane. .

Numeral 81 denotes a microprocessing unit (MPU)
which carries out various arithmetic operations such as
the calculation of the visual axis by using the positional
information of the first Purkinje image and the front eye
part. Numeéral 82 denotes a memory and numeral 83
denotes an interface circuit having an A/D conversion
function. Numeral 87 denotes a light projection means
which projects an infrared light, which is not visually
detectable by to an observer, emitted by an infrared
light emitting diode 874 to an eyeball (not shown) of the
observer through a projection lens 876. Numeral 85
denotes a light emission control circuit which controls
the light emission of the infrared light emitting diode
87a. Numeral 86 denotes a position sensor which de-
tects a vertical/horizontal position of a camera when
the visual axis detector is mounted on the camera.

Numeral 84 denotes detection means having an image

sensor 844, a driver 845 and a lens 84¢. It focuses a first
Purkinje image based on a reflected light from the eye-
ball and a front eye part image on a plane of the image
sensor 84a through the lens 84«¢.
- A method for detecting a visual axis of an eye has
been proposed in Japanese Laid-Open Patent Applica-
tion No. 2-209125 or Japanese Laid-Open Patent Appli-
cation No. 2-264632. In the prior art, the visual axis is
detected by using information corresponding to two
positions, namely the position of first Purkinje image
(corneal reflect image of the light source) and the center
of the pupil calculated by plural portions surrounding
the pupil.

The infrared ray is irradiated to the eyeball of the
observer from the light projection means and a position
at which a virtual image of the infrared light emitting
diode 87a created by the reflection by the front part of
the cornea, that is, the first Purkinje image, is formed is
detected by the image sensor 84a. The position at which
the first Purkinje image is formed corresponds to the
position of the pupil center when a rotation angle of the
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eyeball 1s zero (the visual axis of the eyeball) and the
position deviates from the pupil center as the eyeball
rotates.

The deviation (distance) between the first Purkinje
image and the pupil center is substantially proportional
to sine of the rotation angle of the eyeball. Thus, the
distance is determined based on the positional informa-
tion of the first Purkinje image and the pupil center. The
rotation angle of the eyeball and the correction of the
visual axis, (that is, compensation for an error of the
visual axis relative to the optical axis) are calculated to
determine the visual axis of the photographer.

An integration time of the image sensor when it
senses the light beam is set by taking into consideration
various conditions such as a light emission intensity of
the infrared light emitting diode, a sensitivity of the
image sensor, an S/N ratio, and a usually anticipated
external light in photographing. Thus, the image sensor
integrates the light beam for the preset integration time
period. | |

As a result, various problems may arise depending on
the illumination intensity of the front eye part of the
eyeball. For example, if the illumination intensity is low,
a contrast (a difference between output values) between
the pupil and an iris is small and it is difficult to detect
a contour of the pupil. On the other hand, if the illumi-
nation intensity is very high, the image sensor saturates
and a difference between the output signals of the first
Purkinje image and the iris image, which inherently has
a difference, is lost, and it is impossible or difficult to
detect the first Purkinje image. '

SUMMARY OF THE INVENTION

It is an object of the present invention to detect a
visual axis with a high precision without regard to an
illumination intensity of a front eye part.

It 1s another object of the present invention to prop-
erly control an integration time of an image sensor
when 1t senses a light beam so that a signal having a
sufficient contrast to detect either the first Purkinje
image or the front eye part image is produced within a
dynamic range of the image sensor in order to permit
the high precision visual axis detection.

It 1s other object of the present invention to correctly

set a photographing condition of a camera by an output
of a visual axis detector.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an electrical block diagram of Embodi-
ment 1 of the present invention,

FI1G. 2A shows an optical sectional view when the
present invention is applied to a single lens reflex type
camera,.

FIG. 2B shows a partial perspective view of FIG.
2A,

FIG. 3 shows a flow chart of Embodiment 1 of the
present invention,

FIG. 4 shows an integration time control circuit of
Embodiment 1 of the present invention, |

FIG. 5 shows a timing chart of the integration time
control circuit of FIG. 4,

F1G. 6 shows a flow chart of Embodiment 2 of the
present invention,

FIG. 7 shows a block diagram of a main portion of
the Embodiment 2 of present invention, and

F1G. 8 shows an electrical block diagram of a prior
art visual axis detector.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In FIG. 1, numeral 1 denotes a microprocessing unit
(MPU) which carries out various arithmetic operations
such as calculation of the visual axis by using the posi-
tional information of the first Purkinje image and the

front eye part image. Numeral 2 denotes a memory and
numeral 3 denotes an interface circuit which has an

A/D conversion function. Numeral 7 denotes light

projection means which projects an infrared ray, which
1s invisible to an observer, emitted by an infrared light
emitting diode 7a to an eyeball of the observer through
a projection lens 75. Numeral 5 denotes a light emission
control circuit which controls the light emission of the
infrared light emitting diode 7a. Numeral 6 denotes a
position sensor which detects a vertical/horizontal posi-
tion of a camera when the visual axis detector is
mounted on the camera.

Numeral 4 denotes detection means which has an
image sensor 4g such as a CCD, a driver 4b and a lens
4c. It focuses the first Purkinje image based on the re-
flected light from the eyeball and the front eye part
image on a plane of the image sensor 4¢ through the lens
4c.

Numeral 8 denotes a photo-sensor which senses an
illumination intensity of the front eye part. Numeral 9
denotes an integration time control circuit (integration
time control means) which controls an integration time
(an accumulation time) of the image sensor 4a2 based on
a signal from the photo-sensor 8 when the image sensor
4a senses the hght beams from the first Purkinje image
and the front eye part.

A configuration of the present invention when it is
applied to a single-lens reflex type camera is now ex-
plained with reference to FIGS. 2A and 2B.

Numeral 21 denotes an eye-piece lens in which a
dichroic mirror 21a, which transmits a visible light and
reflects an infrared ray is obliquely mounted to share a
function of a light path divider. Numeral 4a¢ denotes an
image sensor, numeral 4¢ denotes a lens, and numerals
7al and 7a2 denote light sources such as light emitting
diodes which are components of the light projection
means 7. | |

The image sensor 4a comprises a two-dimensional
array of photo-conductive elements and is arranged in a
conjugate relation to a vicinity of the pupil of the eye
which is at a predetermined position (a normal eye point
of a photographer who does not wear eyeglasses) with
respect to the lens 4¢ and the eye lens 21. Numeral 8
denotes a photo-sensor which is arranged in the vicinity
of the eye lens 21.

Numeral 29 denotes a processing unit which has func-
tions of calculating the visual axis correction, storing
visual axis correction data and calculating the visual
axis and includes the MPU 1, the integration time con-
trol circuit 9, the light emission control circuit 5, the
memory 2 and the interface circuit 3 shown in FIG. 1.

Numeral 201 denotes a fixed or removable photo-
graphing lens, numeral 202 denotes a quick return (QR)
mirror, numeral 203 denotes a display element, numeral
204 denotes a focusing plate, numeral 205 denotes a
condenser lens, numeral 206 denotes a pentagonal
prism, numeral 207 denotes a sub-mirror, numeral 208
denotes a multi-point focus detector which detects fo-
cuses of a plurality of selected areas in a photographing
screen 1n a known manner, and numeral 209 denotes a
camera controller which has the functions of driving
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the display element in a finder, detecting the focus, and
driving the lens. -

In the present embodiment, a portion of an object
light which 1s transmitted through the photographing
lens 201 1s reflected by the QR mirror 202 to focus an
object image in the vicinity of the focusing plate 204.
The object light diffused by a diffusion plane of the

focusing plate 204 is directed to the eye point E through
the condenser lens 205, the pentagonal prism 206 and

the eye lens 21.

The display element 203 is a two-layer guest-host
type hiquid crystal element without a polarization plate
and 1t displays a metering range (a focus detection posi-
tion) in a view field of the finder.

A portion of the object light which is transmitted
through the photographing lens 201 passes through the
QR mirror 202, is reflected by the sub-mirror 207 and is
directed to the multi-point focus detector 208 arranged
at the bottom of the camera body. The photographing
lens 201 1s driven by the photographing lens driver (not
shown) in accordance with the focus detection informa-
tion at a position on the object plane selected by the
multi-point focus detector 208 to adjust the focus.

The visual axis detection method may be one of those
disclosed in Japanese Laid-Open Patent Application
No. 2-209125 or 2-264632, and the explanation thereof is
omitted.

In FIG. 2A, the infrared rays emitted from the infra-
red light emitting diodes 7¢1 and 742 are directed to the
eye-piece 21 from above, are reflected by the dichroic
mirror 21a and illuminate the eyeball 211 of the ob-
server located in the vicinity of the eye point E. The
infrared ray reflected by the eyeball 211 is reflected by
the dichroic mirror 214, converged by the lens 4¢ and
forms an image on the image sensor 4q.

In the present embodiment, the visual axis of the
eyeball 1s determined by the positions of the first Pur-
kinje image formed on the image sensor 4ag and the
position of pupil center. The MPU 1 (FIG. 1) reads,
through the interface circuit 3, the image of the front
eye part at which the first Purkinje image to be read by
the image sensor 4¢ is formed, and determines the coor-
dinates of the first Purkinje image and coordinates of
the pupil center obtained by the coordinates of a plural-
ity of areas of the pupil contour. It further determines
the rotation angle and the relative shift to the camera of
the eyeball of the observer to obtain the visual point on
the view field of the finder.

In the present embodiment, the integration time of
the image sensor 41 a is appropriately set by the integra-
tion time control circuit 9 so that the image sensor 4a
produces a signal appropriate for the arithmetic opera-
tion.

In the present embodiment, the light intensity in the
vicinity of the front eye part is measured by the photo-
sensor 8 and the integration time of the image sensor 4a
1s changed by the signal from the photo-sensor 8. Since
the signal intensity of the first Purkinje image and the
signal intensity of the iris are significantly different from
each other, the first Purkinje image may saturate de-
pending on the integration time with the dynamic range
of the presently available image sensor so that the signal
waveform may be distorted or the contrast between the
pupil and the iris 1s not sufficiently large to permit the
detection of the pupil.

In the present embodiment, the integration time is
changed by the integration time control circuit 9 in
accordance with the output of the photo-sensor 8, and
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different integration times are set for the detection of
the first Purkinje image and the detection of the pupil so
that a sensor output which is appropriate for the arith-
metic operation is produced in any case.

FIG. 3 shows a flow chart of an operation of Embodi-
ment 1. When a visual axis detection request is issued
such as by depressing a visual axis detection switch (not
shown), the control by the MPU 1 goes into a visual axis
detection routine. In the visual axis detection routine,
the MPU 1 reads the output of the photo-sensor 8
through the interface circuit 3 and calculates an integra-
tion time T to be used for producing the signal to de-
tect the first Purkinje image, in accordance with the
-output of the photo-sensor 8.

It 1s determined based on the intensities of the infra-

red light emitting diodes 7a1 and 742, the F number of

the lens 4¢ and the brightness of the external light. It is
set to be sufficiently shorter than an integration time T
to be explained later.

A hght emission command for the infrared light emis-
sion diodes (iIRED’s) 7al and 742 is issued to the light
emission control circuit 8§ to cause the iRED’s 741 and
7a2 to emit lights. When the integration time T) calcu-
lated above has elapsed, the integration is stopped and
the iRED’s 7al1 and 7a2 are deactivated. The integra-
tion time T 1s counted by an internal timer of the MPU
1, which starts the counting at the light emission by the
iIRED’s 7al and 7a2 and is reset when the iRED’s are
deactivated.

In this manner, an image which is approprate to
detect the first Purkinje image is produced on the image
sensor 4a. The output signal is read to calculate the
position of the first Purkinje image (after a resume com-
mand for the integration). When the integration time T>
has elapsed, the MPU 1 reads a signal which is appropri-
ate to detect the pupil image formed on the image sen-
sor 4ag through the interface circuit 3 to determine the
positions of the pupil contours and the position of the
pupil center based on the signal.

Then, the MPU 1 calculates the rotation angle of the
eyeball based on the distance between the first Purkinje
image and the pupil center, corrects the visual axis and
calculates the visual axis position of the photographer.
It stores those values in the memory 2 when necessary.
The integration time T3 1s for producing the signal to
detect the pupil image and it 1s set by hardware as will
be explained later. | |

F1G. 4 shows a circuit diagram of the integration
time control circuit 9 of FIG. 1 and FIG. § shows a
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FIG. S.

Numeral 100 denotes an OR gate, numerals 101 and
103 denote counters, numerals 102 and 104 denote
AND gates, numeral 105 denotes a count-of-N counter
having a preset function, numeral 106 denotes an in-
verter, numeral 107 denotes a resistor for stabilizing an
input to the counter 105, numeral 108 denotes an A/D
converter and numeral 109 denotes a dividing resistor
to import a minimum voltage of the A/D conversion.

When a main switch of the camera is turned on and a

reference clock is generated, one input to the OR gate

55

100 1s low and the reference clock is applied to the -

counter 101 from the output of the OR gate 100. When
(29 4-2%) clock pulses have been applied to the counter
101, the output of the AND gate 102, that is, the inte-
gration signal is high and one input to the OR gate 100
1s also high. Thus, the output of the OR gate 100 is high
and the supply of the reference clock to the counter 101

65
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is stopped. The integration signal is maintained high
until a reset voltage is applied to a reset terminal of the
counter 101.

The reference clock is also applied to the counter 103.
When (2¢4-29) clock pulses have been applied to the
counter the output of the AND gate 104 is high and the
reset voltage 1s applied to the reset terminal of the
counter 103 and the output of the AND gate 104
changes to low.

Since the reference clock is always applied to the
counter 103, a pulse of a narrow width is produced at
the output terminal of the AND gate 104 each time
(2¢+29) clock pulses are applied to the counter 103. The
narrow width pulse is applied to the count-of-N counter
105 having the preset function.

When (N-M 1) narrow width pulses are applied to
the count-of-N counter 105, the output at the carry
terminal changes from high to low, where M is the
number preset at the preset terminal (J;1—J41n FIG. 4).
When the output at the carry terminal is inverted, the
reset voltage 1s applied to the reset terminal of the
counter 101 through the inverter 106, so that the output
of the AND gate 102, that is, the integration signal
changes to low. Since one input to the OR gate 100 also
changes to low, the reference clock is again applied to
the counter 101. The above operation is then repeated.

As described above, the integration signal is high
when (29425 reference clock pulses are applied to
counter 101, and low when (2¢429) X (N —M + 1) refer-
ence clock pulses are applied to counter 103. Thus, the
integration time T is given by

T={(2°+29) (N— M+ 1)~ (29425} /fok (3)
where f.x is the frequency of the reference clock.

In the present embodiment, a, b, ¢, d, N, M and f.; are
set as desired to change the integration time.

The change of the integration time in accordance
with the output of the photo-sensor 8 (the brightness in
the vicinity of the eyeball front eye part) is now ex-
plained. |

The output of the photo-sensor 8 is applied to the
A/D converter 108 through the amplifier 110. The
A/D converted output is applied to the preset terminals
of the count-of-N counter 105. The larger the output of
the photo-sensor 8 is, that is, the brighter the vicinity of
the eyeball front eye part is, the larger is the digital
output of the A/D converter 108, the larger is the preset
value M of the count-of-N counter 105, and the shorter
1s the integration time given by the formula (3).

On the other hand, the zero level V7 of the A/D
conversion and the maximum level Vg are determined
by the dividing resistor 109 and the constant voltage
V . When the input voltage to the A/D converter 108
1s below the voltage V given by the dividing resistor
109, all preset terminals of the count-of-N counter 105
are set to low (that 1s, M=0).

As seen from the formula (3), the integration time is
maximum when M=0. Thus, a, b, ¢, d, N and fx in the
formula (3) are determined and the maximum integra-
tion time 1s determined, and the zero level voltage V is
determined to determine the corresponding photo-sen-
sor output. In this manner, the maximum integration
time is set when the brightness of the vicinity of the
eyeball eye front part i1s lower than the predetermined
level, and the integration time 1s decreased as the bright-
ness increases.
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In the present embodiment, the AND gate 102, 104
have two inputs and the count-of-N counter having the
preset function is a hexadecimal (4 bits) counter as
shown in FIG. 4 although they are not restrictive. For
example, when the AND gate 102 has eleven inputs, the
integration time is given by
)/fc‘k

.

A photo-sensor for controlling the exposure of the cam-
era may be used as the photo-sensor 8. There may be
some difference between outputs due to a difference
between the position of the photographer and the posi-
tion of the object, but this does not raise a problem
because such a difference is usually within an allowable
error range. The signal of the image sensor 4¢ may be
regarded as the output of the photo-sensor.

The driver 45 of the image sensor 4a drives the image
sensor 4a by both the integration control signal which is
produced by the integration time control circuit 9 and
the mtegration command which is sent from the MPU
1. Both signals are ANDed and when the output of the
AND gate is high, the integration is carried out.

In the second signal read, in reading the signal for
detecting the pupil image, only the area around the
point at which the Purkinje image was detected may be
read to reduce the read time.

FIG. 6 shows a flow chart of Embodiment 2 of the
present invention, and FIG. 7 shows a block diagram of
a main portion of the Embodiment 2 of the present
invention.

In the present embodiment, the MPU 1 calculates and
sets the integration time T to detect the first Purkinje
image and the integration time T3 for detecting the pupil
image based on the output from the photo-sensor 8.

In the present embodiment, the MPU 1 reads the
output of the photo-sensor 8 through the interface cir-
cuit 3. It first determines the integration time T based
on the output of the photo-sensor 8. It is set sufficiently
shorter than the integration time T3 in accordance with
the intensity of the infrared light emitting diode 74, the
F number of the lens 4c and the brightness of the exter-
nal light, as it is in the Embodiment 1.

Then, the integration time T3 is calculated and set.
The value M corresponding to the integration time T> is
set to the count-of-N counter 105 having the preset
function shown in FI1G. 7, where
M=(V-V[)/(Vyg—V_)*N and M=0if M is negative,
and a maximum value of M 1s equal to N, and V is a
constant determined to set the respective integration
times to the output voltages Vg and Vi of the photo-
sensor 8. It corresponds to a maximum value and a
minimum value of the anticipated output from the
photo-sensor 8. When M is set in the count-of-N
counter 105, the integration time T3 is given by

3"
I h

_zl XN-M+1)— 3 2
1= ] =

(3)

(2¢ + 2f[§N - M4+ 1)~ (29 4 ZE!
Jek

L]
ol e—

T

M 1s determined to produce a desired integration time
T>. After M has been determined, the MPU 1 sets M to
the preset terminals J1-J4 of the count-of-N counter 105.

If the camera subsequently requests the visual axis
detection, the visual axis detection routine is started. In
the visual axis detection routine, the MPU 1 first com-
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mands the light emission by the iRED 7a and starts to
count the integration time T by the internal timer of the
MPU 1. After the integration time T; has elapsed, the
integration is stopped and the iRED 7q is deactivated.
The timer which has been used to count the integration

time T reset. The output signal from the image sensor
4a is read and then the integration is resumed. The

position of the first Purkinje image is calculated based
on the output signal of the image sensor 4a. When the
integration time T> has elapsed, the MPU 1 reads the
output signal from the image sensor 4a to determine the
position of the pupil center. Then, the MPU 1 calculates
the rotation angle of the eyeball and the visual axis
position of the photographer based on the distance be-
tween the first Purkinje image and the pupil center and
stores it in the memory 2 when necessary.
In Embodiment 2, the AND gates 102 and 104 may
have other than two inputs and the count-of-N counter
105 may be of any type, as they are in the Embodiment
1. The photo-sensor 8 may be shared by the sensor for
controlling the exposure of the camera, and the output
signal from the image sensor 42 may be used as the
output of the photo-sensor.
In accordance with the embodiments of the present
invention, the integration time of the image sensor when
it senses the light beam is appropriately controlled so
that the signal having sufficient contrast for the detec-
tion of the first Purkinje image and the detection of the
pupil or the iris contour is produced within the dynamic
range of the image sensor. Thus, the visual axis detector
having the integration time control means which ena-
bles the high precision detection of the visual axis is
provided.
More particularly, the integration time of the image
sensor 1s set differently for the signal to detect the first
Purkinje image and the signal to detect the pupil center
in order to produce high quality images of the first
Purkinje image and the eyeball front eye part image.
Namely, the first Purkinje image is detected from the
image formed by the relatively short integration time
and the pupil image 1s detected by the image formed by
the longer integration time so that the first Purkinje
image 1s not saturated and a sufficient contrast is given
to the iris contour. In this manner, high precision visual
axis detection is attained.
What is claimed is:
1. A visual axis detector comprising:
tllumination means for illuminating an eye;
optical means for guiding light from the eye, the light
being in a form of a light intensity distribution
having a first portion and a second portion;

photo-sensing means, having an array of photo-cells,
for receiving the light guided by said optical
means, and for generating an electrical signal cor-
responding to the light intensity distribution;

arithmetic operation means for calculating a visual
axis of the eye 1n accordance with the electrical
signal generated by said photo-sensing means; and

control means for controlling said photo-sensing
means to have different sensitivies for sensing the
portion and the second portion of the light intensity
distribution. |

2. A visual axis detector according to claim 1, further
comprising measurement means, electrically coupled to
said control means, for measuring an effective illumina-
tion of the eye.
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3. A visual axis detector according to claim 2,
wherein said measurement means is independent from
said photo-sensing means.

4. A visual axis detector according to claim 2,
wherein said photo-sensing means serves as by said
measurement means.

5. A visual axis detector according to claim 2,
wherein said control means controls said photo-sensing
means by changing an integration time of said photo-
sensing means in accordance with the effective illumi-
nation of the eye measured by said measurement means.

6. A visual axis detector according to claim 1,
wherein the first portion comprises a portion of the light
intensity distribution formed by a light emitted from
said illumination means and reflected by a cornea of the
eye.

7. A visual axis detector according to claim 1,
wherein the second portion comprises a portion of the
light intensity distribution formed by an image of an iris
of the eye.

8. A wvisual axis detector according to claim 1,
wherein said control means controls said photo-sensing
means by changing an integration time of said photo-
sensing means.

9. A visual axis detector comprising:

an illumination source for illuminating an eye;

optical means for guiding light from the eye, the light

being 1n a form of a light intensity distribution;

an image sensor, for receiving the light guided by said

optical means, and for converting the light inten-
sity distribution into an electrical signal;

a microcomputer for (i) controlling said illumination

source, (11) controlling an integration time of said

image sensor, and (iii) calculating a visual axis of

the eye in accordance with the electrical signal
which has converted,

said microcomputer controlling the integration time

10

15

10
corner of the eye, and (ii) a light reflected from a
front eye part. |

10. A wvisual axis detector according to claim 9,
wherein said microcomputer performs the control func-
tions a plurality of times using different integration
times for said image sensor.

11. A visual axis detector according to claim 9, fur-
ther comprising a photo-detector, electrically coupled
to said microcomputer, for measuring an effective il-
lumination of the eye.

12. A visual axis detector according to claim 11,
wherein said image sensor serves as said photo-detector.

13. A visual axis detector according to claim 11,
wherein said microcomputer controls the integration
time of said image sensor in accordance with the effec-

- tive illumination of the eye measured by said photo-

20
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35

detector.

14. A visual axis detector comprising:
illumination means for illuminating an eye;
optical means for guiding light from the eye, the light
being in a form of a light intensity distribution;
photo-sensing means, having an array of photo-cells,
for receiving the light guided by said optical
means, and for generating an electrical signal cor-
responding to the light intensity distribution;
arithmetic operation means for calculating a visual
axis of the eye in accordance with the electrical
signal generated by said photo-sensing means; and
control means for controlling an accumulation time
of said photo-sensing means in accordance with an
intensity of light reflected by a portion of the eye.
15. A wvisual axis detector according to claim 14,
wherein said control means controls said photo-sensing
means to set different accumulation times when sensing
hight reflected by a corner of the eye, and the reflected
light from a front eye part.
16. A visual axis detector according to claim 14,
wherein said photo-sensing means performs photometry
on the intensity of light reflected by the portion of the

of said image sensor for each of (i) a light emitted 40 eye.

from said illumination source and reflected by a

45
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CERTIFICATE OF CORRECTION

PATENT NO. :5,298,927 Page _1_of _2
DATED ‘March 29, 1994
INVENTOR(S) ‘xONISHI ET AL.

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

At [57] ABSTRACT

Line 3, change "eye;" to --eye,--.
Column 1

Line 10, change "axis" to --axis.--.

Line 21, change "“therein" to --thereiln.--

Line 39, delete "to'".
Line 58, change "reflect" to --reflected--.

Column 3

Line 39, change "“ray" to --ray,--.
Column 4

Line 50, change "4i a" to --4a--.
Column 7

Line 1, change "gate 102," to -—-gate 102 and--.

Column 8

Line 6, change "T," to --T, is--.

Line 62, change "sensitivies" to --sensitivities--

Line 63, change "portion" to --first portion--.
(first occurrence)
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It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Column 9
Line 5, delete "by".
Line 32, change "signal," to --signal; and--.
Line 37, change "has" to --was--.

Column 10

Line 1, change '"corner" to --cornea--.
Line 35, change "corner" to --cornea--.
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